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INTRODUCTION 42

Hepatitis E virus (HEV) is a small non-enveloped virus belonging to the Genus
A c c e p t e d M a n u s c r i p t 6 supernatant was purified using the kit Protino Ni-IDA packed columns (Macherey-Nagel) 124 following manufacturer's instructions. The recovered protein was stored at 4ºC. 125
Alternatively, Trichoplusia ni larvae were grown and inoculated as previously described ( 
Analysis and quantification of recombinant protein production 136
The purified ORF2H 6+ and the protein extract obtained from T. ni larvae were run in duplicate 137
in NuPAGE® Novex 4-12% Bis-Tris gels (Invitrogen). One of the gels was stained with 138
Coomasie blue and after confirmation of the presence of the protein, the other was used for 139
Western Blot analysis (WB). After transfer, nitrocellulose membranes were blocked for 1h at 140 room temperature with PBS added with 0.02% Tween-20 and 2% skim milk. A swine anti-HEV 141 hyperinmune sera obtained from an experimentally infected pig was used (provided by Dr. X.J. 142
Meng, CMMID, Virginia Tech). The antigen-antibody reaction was revealed by using a protein 143
A-peroxidase conjugate (Sigma) and 4-chloronaftol solution (Sigma) as a substrate. Ninety-six well polysterene plates were coated with 100 µl of either the purified protein 162 recovered from Sf9 cell cultures at a concentration of 0.125µg/ml (final protein amount 12.5 163 ng/well) or with the protein extract obtained from the infected larvae at 3.5µg/ml (final protein 164 amount 350 ng/well) diluted in coating buffer (0.015M Na 2 CO 3 , 0.035M NaHCO 3 , pH 9.6. 165
Those concentrations were determined to be optimal in previous titration experiments (not 166 shown). In order to minimize the effect of unspecific binding to the plates or to the antigen, sera 167 were analysed in duplicate in antigen-coated and mock-coated wells. For the ELISA procedure, 168 after coating the plates for 18h, wells were washed with PBS added with 0.02% Tween-20 (PBS 169 -T) and blocked for 1h at 37°C with blocking buffer (BB) (140µl/well; PBS, 0.035 M NaCl plus 170 0.5% gelatine and 10% FBS). After washing the BB, serum samples were diluted 1:100 in BB 171 and 100µl were dispensed per well. After 45 min of incubation at 37ºC, plates were washed 5 172 times with PBS-T and a HRP-conjugated goat anti-swine IgG (Serotec Ltd., Oxford, UK) was 173 added at a dilution 1:100,000. Plates were incubated for 45 min at 37ºC and washed as 174 described above. The reaction was revealed by adding 100µl of TMB (Sigma Chemical, St. 175
Louis, MO., USA) and stopped with 100 µl of H 2 SO 4 2M. Plates were read in an ELISA reader 176 at 450nm. The specific absorbance value for each sample was calculated by subtracting the 177 value of the mock-coated wells from the values of the plates coated with the specific protein.
A c c e p t e d M a n u s c r i p t In order to obtain a positive serum to be used as a positive control in the developed ELISA for 195 different species, an immunization assay was performed in cows, sheeps, goats, and rodents. For 196 that purpose, two 3-months-old cows, two adult goats, two adult sheep and five ICR-CD1 6-197 months-old mice were housed in the Veterinary School facilities of the Universitat Autònoma of 198 Barcelona. One week after their arrival animals were injected with the HEV ORF2H 6+ purified 199 recombinant protein using the dosages, adjuvants and inoculation routes summarized in Table 1 . 
ELISA for anti-HEV IgG detection 218
The ELISA was done as described above , but the secondary antibodies were HRP-conjugated 219 sheep anti-bovine IgG at a 1:5,000 dilution (Serotec Ltd., Oxford, UK) for cow samples; HRP-220 conjugated donkey anti-sheep/goat IgG (Serotec Ltd., Oxford, UK) at 1:24,000 dilution for 221 sheep and goats, a protein A-peroxidase conjugate for cat samples (Sigma Chemical, St. Louis, 222 MO., USA) at 1:2,000 dilution, and a goat anti-mouse IgG (Fc specific) peroxidase conjugated 223 antibody (Sigma Chemical, St. Louis, MO., USA) at 1:80,000 for rodents. Samples were tested 224 in duplicate using the purified antigen expressed in cell culture and in both coated and uncoated 225 wells as detailed for pig samples. Cut-off were set to the mean OD plus 4x standard deviations 226 of the negative controls. Thus, the cut-offs were 0.13 for cattle, 0.24 for sheep, 0.20 for goats, 227 PBS 0.02% Tween 20, sera from cats, goats ans sheeps were diluted 1:1,000 in blocking 238 solution and added to the strips. Following 1 hour incubation, the strips were washed as 239 mentioned and the secondary antibody was added at the dilution determined in previous assays, 240 which resulted in 1:100,000 for goats and sheep and 1:5,000 for cats. Pig results were not 241 confirmed by WB since the infection in Spanish swine population has been reported before. 242
Chemiluminescence was detected using the fluorescence imager FluorChem ® HD2 Imaging 243 System (Alpha Innotech). Sera positive in WB were re-confirmed in dot blot using both the 244 
. Protein production 256
After six days of incubation, 1.65 mg of HEV ORF2H 6+ were recovered from 3.6x10 7 Sf9 cells. 257
For the insect larvae expression, the amount of total protein recovered was 13 mg per larva, of 258 which about 10% was the specific protein (determined by OD comparison with the purifiedA c c e p t e d M a n u s c r i p t protein). In both cases the truncated HEV ORF2H 6+ had a molecular weight of 55kDa. The 260 protein produced in larvae was little soluble in water making very difficult to further purify the 261 larva extracts by the column method used in this study probably due to the formation of 262 aggregates with other molecules present in the larvae extract. In addition, storage of this extract 263 at 4°C or -20°C rapidly produced a loss of antigenic reactivity as revealed in ELISA (data not 264 shown). This did not occur with the cell culture-expressed protein.
265
Both recombinant proteins, the ORF2H 6+ and the Sar55 protein, were located between 266 aminoacid positions 112 and 607, so the length was of 495 aminoacids for the Sar55 truncated 267 protein and 501 aminoacids for the ORF2H 6+ protein, since a 6x histidine tail was added to the 268 3' end. Although at nucleotide level the identity was of 78%, only a difference of 5% at 269 aminoacid level was observed. The sequence of the strain used for the protein expression is 270 available at GenBank under the accession number EU723512. Moreover, the hydrophobicity 271 analysis performed revealed almost identical patterns for both proteins (data not shown). 272 273 3.1.2. Sensitivity, specificity and variability of the genotype 3 antigens 274
When the 30 sera from experimental pigs were analysed, the ORF2H 6+ ELISA diagnosed 275 correctly 13/13 positive and 17/17 negative samples. Considering Sar55 ELISA results as the 276 golden standard (100% of relative sensitivity and specificity) and using the 252 field sera, the 277 truncated ORF2H
6+ protein-ELISA expressed in cell cultures had a relative sensitivity of 98.9% 278 (180/182; CI 95% : 97.4-100%), whereas the relative specificity was 78.8% (55/70; CI 95% : 68.9-279 88.2%). The ELISA set with the protein expressed in larvae showed a sensitivity of 97.8% 280 A c c e p t e d M a n u s c r i p t
To further characterize the ELISA test developed, an analysis of intra-and interplate variability 288 was performed. This assay was conducted using only the 252 samples from commercial farms. 289
Samples were analyzed twice in the same plate and in different ELISA plates as described 290
above. For the cell culture expressed antigen, the results showed a 2.7% and 6.0% of intra-and 291 interplate variation, respectively and these values were 6.0% and 9.0% for the antigen expressed 292
Serological survey of HEV in domestic species and rodents 300
Positive control sera obtained by hyperimmunization with the truncated ORF2H 6+ protein had 301 the following titre sin ELISA: sheep and goat sera: 1:16,000; cow and mouse sera titers were 302 1:1,000 and >1:128,000, respectively (Figure 1) . 303
Two hundred and fifty-two pig samples collected in nine farms were examined; all nine herds 304 had HEV-seropositive pigs with an average within farm prevalence of 79.45% (19.31%). For 305 sheeps a total of 1357 samples from 89 different herds were analysed by ELISA, being positive 306 36 samples belonging to 27 farms. For goats the number of samples was 1143 form 76 herds. 307 and the ELISA revealed 18 positive sera from 16 farms. For cows, after analysing 1170 animals 308 from 77 herds, no positive results were observed. Twenty cats of 5 catteries were also 309 seropositive but none of the rodents presented antibodies. 310
Positive samples were tested in WB. For sheep, 28/33 animals of 26 herds produced a positive 311 result in this test; for goats, 14/17 positive sera (14 farms) in ELISA were confirmed in WB. 312
Regarding cat samples, due to the scarce amount of serum final confirmation was only done by 313 dot blot. Thus, final confirmation of WB positive sera by dot blot using Sar55 and the ORF2H 6+ M a n u s c r i p t 13 for sheep, 26/28 WB positive sera were confirmed (22 herds); for goats 7/14 WB positive sera 316 were also positive with Sar55 (7 herds) and 6 cats reacted positively in WB (table 2 
338
One of the aims of this study was to develop an antigen based on a genotype 3 European strain. 339
Two different expression systems were used: insect cells (a method reported to be optimal for 340 HEV (Mast et al., 1998) and insect larvae (a large scale production system). In our hands, 341 protein recovery was higher in insect larvae (about 1mg/larva) compared to insect cells; 342 however the larva protein was not possible to be purified and was little stable in cold storage.
M a n u s c r i p t 14
Although specific experiments to clarify these facts were not conducted, the reasons for this 344 may be the formation of protein aggregates so there is no free protein with exposed epitopes 345 which antibodies can recognize or the presence of proteases in the larva extract that even at low 346 temperatures can degrade the antigenic protein. These were two serious disadvantages for that 347 protein to be used in serological tests. 348
Regarding the performance of the commercial kit, it was inefficient for the serodiagnosis in 349 animals due to poor sensitivity. 350
The performance of the two expressed proteins (cell culture and larvae-produced) was assessed 351 by examining sera from experimental infections and by comparing results with the Sar55-352 ELISA. The protein expressed in insect cells always exceeded in performance the larvae-353 produced protein and thus it was the protein selected for the epidemiological study. The ELISA 354 set with this cell culture-produced protein recognized accurately positive and negative sera from 355 experimental pig and had sensitivity and specificity of 98.9% and 78.8% relative to the Sar55-356 ELISA. It is worth to comment the apparent discrepancy in specificities between the 357 recombinant ORF2H
6+ ELISA and the Sar55-ELISA. Both proteins had 497 aminoacids located 358 between aminoacid positions 112 and 607, with minor differences (5% at the aminoacid level). 359
The predicted hidrofobicity of the two proteins was quite similar as well and therefore, the 360 causes for this discrepancy were not evident. If we take into account that antibodies recognised 361 primarily conformational epitopes as evidenced by the Dot Blot analysis there is the possibility 362 that the 6x histidine tail is interfering in the protein natural conformation leading to a loss of 363 sensitivity and specificity. Experiments with a truncated protein without the histidine tag were 364 not performed. The fact that some react differently with the different proteins looked 365 unimportant for pigs since in this species most animals are reported to be seropositive (Seminati 366 et al., 2008) with seroprevalences that can reach up to 90% or higher. In contrast, a minor lack 367 of specificity could lead to an overestimation of the prevalence in other species. Thus a stringent 368 strategy for diagnosis was adopted: only sera reacting positively in ELISA, western blot and 369 finally the dot blot using both Sar55 and our protein would be considered to be truly positive. 370
With this approach, none of the cows was positive but 1.92% (1.29-2.84%) and 0.60% (0.26M a n u s c r i p t 15 1.28%) of sheep and goat, respectively were found to be positive. In the case of cows, other 372 authors reported seroprevalences ranging from 1.42% to 6.9% (Arankalle et genome has never been detected in any of the domestic ruminant species. In our case, the 375 seroprevalence in sheep and goats was very low and the fact that in most cases a single reactor 376 per herd was found, opens the question of whether or not those could be false positive results in 377 spite of the stringency of the conditions required in the present study to be considered 378 seropositive. Our opinion is that extreme caution should be applied to the interpretation of 379 serological results in species where HEV has not been detected directly, particularly when a 380 very large number of sera are examined since this increases the chance of finding false positives 381 in spite a high specificity. In any case, true or false positive, our results indicate that HEV is 382
either not present or present at a very low frequency in domestic ruminants of Spain. 
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